US010827916B2

12 United States Patent (10) Patent No.: US 10,827,916 B2

Weber et al. 45) Date of Patent: Nov. 10, 2020
(54) LED ILLUMINATION MODULE (52) U.S. CL
| o | CPC ....... A6IB 1/0684 (2013.01); A61B 1/00114
(71) Applicant: Richard Wolf GmbH, Knittlingen (DE) (2013.01); A61B 1/0676 (2013.01);
Continued
(72) Inventors: Bernd Claus Weber, Karlsruhe (DE); _ _ ( ?n ued)
Rudolf Heimberger, Oberderdingen (38) Field of Classification Search
(DE); Klaus Schrumpf CPC ... F21V 23/06; HOIR 2201/12; HO1R 24/38;
Kraichtal-Miinzesheim (DE); Martina ‘_A‘MB 1/0684; A61B 1/00114;
Detert, Munich (DE); Thomas App. (Continued)
Zaisenhausen (DE)
(73) Assignee: RICHARD WOLF GMBH. (56) References Cited
Kmitlingen (DE) U.S. PATENT DOCUMENTS
(*) Notice: Subject to any disclaimer, the term of this 6.492.725 B1  12/2002 Loh et al.
patent 1s extended or adjusted under 35 7,284,896 B2 10/2007 Wu
U.S.C. 1534(b) by 344 days. (Continued)
(21) Appl. No.: 14/765,443 FOREIGN PATENT DOCUMENTS
(22) PCT Filed: Jan. 7, 2014 EP 2 287 524 Al 2/2011
EP 2 311 366 Al 4/201;
(86) PCT No.: PCT/EP2014/050130 1P 2011-083617 A 4/2011
§23g EC?(I)’ Aus. 3. 2015 Primary Examiner — Timothy J Neal
ltorney, ent, or t'irm — Mcllew and luttle, P.C.
(2) Date: S s 74) Attorney, Ag Fi McGl d Tuttle, P.C
(87) PCT Pub. No.: W02014/121960
PCT Pub. Date: Aug. 14, 2014 (57) ABSTRACT
(65) Prior Publication Data A LED illumination module has at least one LED (6). At a
proximal side there 1s a first electric connection contact (8)
US 2016/0000309 Al Jan. 7, 2016 and at an axially oppositely directed distal side there 1s a
_ o o second electrical connection contact (10) as well as a radia-
(30) Foreign Application Priority Data tion region emitting radiation. The LED (6), at the second

clectrical connection contact (10), 1s contacted via an elec-
trically conductive sleeve (14) which, distanced to the
proximal end, 1s electrically conductively connected to the
second connection contact (10) of the LED (6).

Feb. 5, 2013 (DE) e 10 2013 201 808

(51) Int. CL

A61B 1/00 (2006.01)
A61B 1/06 (2006.01)
(Continued) 20 Claims, 10 Drawing Sheets
g
;
\d
Ty - - ororer R S
1 ;
:
’
E
: 7
. 7 §
;.- P ..-..r.-c.-..-.-..-..-..w..-.r.g E:v LA LY e P N R N N AN T IR Y Y ey fff;?ﬂfﬂitrﬂmfffj H*Jﬂlffifilflm_ng At b AT LG A
R T e ey et Aot VTSt et i st asegrtorere B o AT, :
; 77 3 g
/ /7 :
] 4 , ;
f / / g :
| Iy i
4
| /7 ;
i ;7 é? é
Y /" / 45 :
, ‘ 7 ; .
\ . 7 g
' 3 : 7 gf j.; [
_,..: ;’-'"r. ‘.,/ - ] L W S o of R W AP R 'I" ITITTELNFY, :rr.J Kbt P RPIRARS I EIRR IR RS PNy i E
| fi} . " -‘-"rﬂ‘::l gfffffﬁfﬁﬂrff#-ﬂ'-r-f-fl . Eale A I o A ? 7 ﬁ
q.___}!" ‘f“! o w rf;;rfJ#J.?ﬂmq%m ey pp;;;mf A A A S P P T N ol L.F.F.r.-h*..ﬂr_.h-';i'-.' rrrrrrrr s
b /" t I{ﬁl
ey i i- a \  f ;i



US 10,827,916 B2

Page 2

(51) Int. Cl. 2003/0035048 Al*  2/2003 Shipp ..ocooeevveennne. HO4N 7/183
GO2B 23/24 (2006.01) 348/68

A61B 1/12 (2006.01) 2003/0116838 A 6/2003 Wu

F21V 23/06 (2006.01) 2004/0227146 Al  11/2004 Wu
TOIR 24/38 (2011.01) 2005/0280019 Al* 12/2005 KONNO ....coove...... H01L2§%1§g
(52) US. Cl 2006/0183977 Al* 82006 Ishigami ......... AG1B 1/00177
CPC ..., A6IB 1/12 (2013.01); F21V 23/06 600/179
(2013.01); GO2B 2372461 (2013.01); 4618 2007/0080362 Al* 4/2007 Scotch .................. HO1L 33/641
1/0607 (2013.01); HOIR 24/38 (2013.01):; 257/99
HOIR 2201/12 (2013.01) 2008/0045802 Al* 2/2008 Brandstaetter ....... A61B 1/0607
. e 600/199

(58) Field of Classification Search N .
CPC ... A61B 1/0676; A61B 1/12; A61B 1/0607; 20080128740 ALT 672008 Yamashita .......... AGLB b
o HO1L 33/641; G02B 23/2461 2009/0306478 Al* 12/2009 Mizuyoshi ......... AG1B 1/0638
See application file for complete search history. 600/178
2010/0314986 Al* 12/2010 Gershaw ................... F21K 9/69
(56) References Cited 313/46
| 2011/0092772 Al 4/2011 Weber et al.
U.S. PATENT DOCUMENTS 2012/0211793 Al* 82012 Bergmann ............. HO1L 24/29
257/99
2003/0006423 A1*  1/2003 Loh ................. HO1L 25/0753 2013/0114241 Al1* 5/2013 van de Ven ........ HO5B 33/0863
257/99 362/84
2003/0025450 Al* 2/2003 Katayama ................. GO9F 9/33
313/512 * cited by examiner



US 10,827,916 B2

Sheet 1 of 10

Nov. 10, 2020

U.S. Patent

W,
N \._“
LY

S
}

:
Z
M
W
:
:

iy,

““mm““mmllﬂ\‘\l‘h‘liiﬁ:

:
m
:
M

B AT LA TR ATl

| B 4N Er g wahr W

.

Mt‘i“‘qﬂtﬂﬁni\““‘
L.-.F{hl\ihh;.t\...}hn\\

FEF P .p.mu?.-s\\.._. A A A A A A TP PSS e \Hﬂ.ﬂ\\\\\.
L P P E YN Ry P N Pt g

WA A A A A A A A g M Mﬂ-\hﬁ

ey P T ..._.nun\h..._.\.‘\

¥

i B R B B R R R R R e I

:*.:."’h‘ﬂ
I

AN o A AR SR EE AR A m

’

_________ APPSR AR E RS A L A A A LTS DL LA PP PP EE LSS v o

= 4 = [ R R N I I e e R

-

™

X
D00
N

-
RN

R
ﬁw‘

hhhhhhhhhhhh *E I rATFrFEFFETEF o

T T
ot
3
;)

i o o ar aa ar g gr p at a aA ,

1
¥
%
._-...
A
[ |
]
]
]
gt g R e g w A EEE  aa ol
Uu._:.l-lh-_. C N e L

g m s A A sy o rd s FE T N Nl

‘

rrrE Ry NN A Yy ANy

oA A R & - -

'
r
J
-
o



US 10,827,916 B2

Sheet 2 of 10

Nov. 10, 2020

U.S. Patent

T
HorAA e \:._..v . £
ﬁ.__...-...“.___. e Lemedd

S it

!
_w
-ﬂ _P / Rl g g
{ o f
'
i
4

?

; | e 4
._rn fh m \\ .ﬂ .-!ll-.i._._t..,_......-\_f\\t..t.. s W...l...ﬁ ¢

z

A

7

.

5

g

\ vt bt
} 3
R ,,,

M i, M ey T

!

o s mm e A PR ARy opp pm pr
H\\.“.\. AT D B P v &

] F
' P e ﬂ&tﬁﬂ\\i\%\ﬂ\t\\%\\\\\\ﬁ\ﬁ\\h

Cal ool R it gl R P F g A g gl A b -

':E

Ve il B Hatn 8 Ea Wals P PP P A AR I el .__f_w

e A

PP PR F TSNS
P FFINFEFE &V, o

)
n“*-am-w's

)
]
NI

#
:
_ﬁ
M
W
m
f
/

et e e At ST Ml ST g AN Ay,

e e PP Er ey Ll F gl PV VEEYY P E LY ___.___._,
FrFRFE TP rr P E RN e t\\\\\.‘l\\l-l\\n-ﬂl.lqii.-\t‘\.....__._-.u_. " “
s

FAMSAA TSy AR, __:1..-......__.._..._.\-..._..\...._..._......__._\\xx\k-{,\\\\ii\.?t\\&\\t\thh.?{khh “ ‘< s
£ A wa Kas AR Wl X e WS I R LR N AR R LB VA Amy A dap A i\fme“n.mhfun\\ﬂfaﬂuic rmrd P Bra e s,
A A Fot s Ry

T
# } “ .lﬂ a
T g A
EE R e e R R A A A P A g SR e g e Pk S . .“ m -n ‘. .-.._.“ ﬂi.....h..
, ‘ ‘

A m s
h £ PPy -
¢

&
s
i.‘-
Y

"

w.

--------------- AR gk e e AR R PR P A . ek kA YR P FFFTYRE, s N R BN AR A A aE F NN kg wmo SR, n.i\\_-\-.!.-t-.._.l.m.-._.._\ﬂ-._.\-.-ﬂ.x-hhln
[



I o L T N e e L N N N L T P

US 10,827,916 B2

A F
/ ¥
+ i
" 4
o >
[ *
’
F . F -
2 A I S T SR
apt o wE mt re it " v,
bt P A H.v ‘ e Ea 4, _._.__.___..
Y L.t Y " ﬂ— i.-t o

g P

e e P Py .,
., Ty e, . P, ML Wl
M e P S ol .-M:n...;#ff-ﬂ....h.h-...ﬂfh“-\w{ L]
T ST NS Sl SN ow’

L L ] -
ey __.r..fu-.-.-.r e el NG

e R R LR L A a1
r = - r i r s or -

FrR YRR E TN

11111111111 3

Sheet 3 of 10

0 PP A LIS 'y P . e of!
e & i A p e an h-ﬂﬂ.ﬂﬂ.ﬂx“‘.“‘u‘“.ﬂ.“cuﬁt-ﬂ.ﬂmﬂ.u pheiietntute el H.u____ A __....l_.ﬁtl..__.._ IR RBAL PSPy
[ g
“_..___...__.1.# : ¢ ¢ _v u-.\....\\_\h\%.:.__.n.__.._:-::....._....-.-..- ---------- v PR
it ' - . “ “.____.11\17\..7\\\._1\11\.\\\\\;\.\\n\..l..\.iu\.ﬂ.‘ AT el i o A LT L E P PP
irrves  * il p TR PRI P IR TP AN R A BBk A A B A o AP PP L AL A s o A A ELLL PP PP
..._\ -..ri.l.i. ..._.-..-.1 AEpaEpE s p g A A S AP S AP A L P L o e o B R A Ay
F
i
r
s
A

A .\x te
i . .
L4 .
r \- .'t.lﬂh\ H tl.t“l.- - -4
7 % AR R
2 ¥ EL T AL AR
0 . Ly F ’ % & .._...,...._ g W
R £ [ B A
- LA, m.“_ .,“ﬂm ’ 4 .“ﬁ.hm“ i
..-.....& £t o e $ { A £ \1”“
— e 37 A RY U LB
ot Lt LTy e 7
- - O ﬁu“u_..ﬂmmm.v s 15 m“,
v ahy . f Fa . £ a7
& by 2 2 LR 5 £ - ?
it v o w &
- 2,5 x : .
0 A A, r ;
_-‘-«- o _-“.
L i g P PP e P W P I F N I R el R E N I R XX EF I ge b S RN s
. . ' i R e et i O S A L S R L L P Tt ikihd e
"v u\tq“.. _ : P LS TELTPEL TS PL L LG I LIPS P A A A BT o B B o WA Ao o oyt
0 .II.J-.“ .1 I._-_..I.lll___l.l. .l._ “..l..l..l..H\l\htrt-“%‘lrl—‘..l.\.‘t-tﬁt‘“‘t Lar I I N L] !111!!!‘..‘-.‘.[..!..].1..1!!!.!.- LI S R e N I
I.I.l ' 1 founas r T r - - a LB ] ..
rT et = - 9&! . P \u.__.u."._.u-.._...._u-u.fu-u.._ﬂ““““UVU““U\“V“““HH““.,__..u-_..____._.u.__- T o P o o gt S g A Fenar ) _____-....._u._.
s, A S S O A LA S AL ST T B LA LA PSP IH, e, T Y e
il s L L P P R R R RS R R P “ - - . - - LAt g e p i
.._._l.-,...tﬂ\l}%&i—.ﬂthu&ﬁtn.t-ﬂtnt‘\ﬂﬁ.ﬁﬁ\.li\".\\hl‘gl._jl".\-I.-I.____..I-\.\ .|_._1.1..__..I-_l.___-.. » P A AL S A S EFPPES AL NS B,
“l_tl_ll_.l.l.‘i.. .I.J‘. .‘l.l .I_!..'.l.‘i..-. 'R I‘l -R‘I."_I l..‘l‘. i.‘ll.l. ‘}.{"“‘.‘Ih‘\’..lil‘l‘.‘\'hi" .I.l.}.l”.‘“
", ..__\.-_-__.u_i.h“.____.__.l...-l_ l.-__\..-t_.l_-_.t_..:-_..._l..__..__“__... ._-....-.._._._--__..-_.-...__.__. . l.._.-_..“__.-_.l. .‘..u.l.-.._. ._1_“_-. ..-.t...rn-ll‘n.r_.___.li_.f.“.-.._.. ” .._I.-.-.._.__._jl.-_. .ll..lli..‘t..-._ _-__..-.r_-_ .“
" o, P R N N R e W W, e T Ny T
*, 1._,-._._._.( .____.._.___-1.._-.... L P .._...___._..___._._ e Pl M T N a Twa Vel
A A S NNV O
L] 9 - ] o
o m.-...... Py _..-1-..__....:._.1.._. St TR, ._M..-._. M......_.,..N... \..ﬂ..n ._.fﬂ.f..___r..? .._..n_.__,...n._. _.._.,.....1.._”__.... a4 /
T it g o 8 PR T Pt T W B h_.J-._iu_._ PuL v e e .-._._-h_._jt_-“ \N
e T e T AT T e L A g SO S e, M 0, S See [

-
" , e, . .
i Mg g P L P Y _...._......-.s}-_t-:....l-_.._.-httlt.-ﬂ?lu.-t .. \_.._...u. P
e e e T My e e Pa, S, T, Sy, i P 4 Lm
Mg Ty g g P, T A, J.__._.,...._.. . ey, Ty ey _.,_._.__-..t.._...__.“ '
w‘ X e e e G ,_.M_.n..._..._,. Ping et .:-._.._.”..f.. A
x4 N e e e e L o TN L N ~
. = e, - . G Tl T i P Tt P s L L i Nl W
- . - e, e s - .
g e S N R S e R
LI ¥ l...ll..._.._f....._
......ffw..
‘o ¥
AN
v, .-._L"_

U.S. Patent



US 10,827,916 B2

\\It‘. .‘- Y

FEtra,

-

‘w l.-l_-ll.

a4

Sheet 4 of 10

Nov. 10, 2020

U.S. Patent

m 5

._-...____u- .__....._n
¥

7% ..nw

.:1':_'1"- wh

e N L N A m e e B dEETrEEEFEFETYY "y l..ll..lﬂ\ llllllll YErrrerrr*fo vy

"t ——n .._l___.-.-...... e
.__....._.-._____l.._.llnﬂn_l.l .-.-.!Il-rl.\..l.._..r..-i._-. |
arm= .‘l_..nl\lﬂl
Yatin p
_-.-...__-_._-r i oY

i.._-.-_.-_.._-_._-..._-_\..._-:‘..‘.‘.l.ll.l.ll.l.l.l_l_-.lll.l.lh o FA FEFE

— s
~r 1.

111111111

R s
_-..p..r._..ri _-..._t__ ...l_.__ M ...il 3 it_]._ \lin”‘(u\!ﬂ.?ji“-.ﬂnﬂtﬂl”ﬁlﬂu}'ff

P, -._.__ 1.__. i - -
......-é...n..r..__.,..- i D g g i N Sy S i 0 M
i e M R —m ..r.. wa Mn e e T e Ty Tay Py

e L P P e e e g e P P g
‘_.l.l.-_l.-. ,, _rlt_. AII ...___.I. e, - l-_.l. .JIIIJ-.\ lli. -._l!...- ..-l.-._.ll.lt__llili.l_ll_.i
g iy _.}..__.r ag " S Mgt Wiy ¥ ......_.-......_..__....r....”...... g e g e e

’ o P .__-____ e n i e, [ Ty YAy M o e, U
ll1lI.Il.a.ll .-.\.ll .._..li.ll.lll[.!l II.. ._l.l - oy l.li._l.- l..l-_-__.I..-l_.Il l...._._-..-l-..-_. .ll.lll.llt.l
. Py ....rn..._.r b ..... ..__....-.._...-A..f ..-_._ e T e, ..-H-..._...._......nt_-

T T - gy W e “va b T i e el S g Py "
b My q\h.......u.p.. ..”__.. ”.._.._._,.r..._ﬂ...._.. ..-__.-._..._..._.. h.._‘..ﬁ._f g o D P TP g g
iy - ._..-__n._.. A B g T A Ty A N T
et - ll..-_ .._..il. .lll.. g _.._JI " ...l i Wiis L) bl it
. ...\_._.___-._..‘...h._-._:l.__ _._..__.l___. t- ....f“.l...l _-.I....._. .Y e e ‘_.J.__. oy .._\.-_Il.-.__-.l_-.._.-._._. ...._-.-_.“
_l..l._-‘__-.lil.-.__....._..-_....._- I._-.‘. .._...l.q . l..._-\_.l.-.._. Il.l .ll.I .-.l_l If..._-.ll.l ll-_..l_.ml.l.-._.. I_l-... L™ ..Il‘l F

lllllllllllllllllll lt

|

;

¥

)

B

o Fi -

X u\..u ‘ ._h__,,__._..1 ._.u__
“ Y Yo
il L i
I-l“l.. Y i-
Y, A

iy Ty Ty .r__.. Bt g o i s .n.
Top el n-ﬂwff.r -.... " .J__.rr ..q e gl __....__....w..n..,-.. .._.-.-.__...u._f...f \
___‘.- L " - - ] .._I_ A [ L] .._.-l.l - -
1.-1 II. .l'l.‘.-_ I.‘ .l_.i. ._J.l_.l. .l. .I.ﬂl .l_-l‘ .l-.l. l-..‘ I‘ lll&.l_
“ou -....._.,__.._.u an b S ..-.;...q u-.,._._- _.._, et ._w
F ) oy - l.t..- tl.-. ] ‘_l'.l.ll__ll.. ._ll_I L § IF -l. l.ll o -y
._._-II-_.... .____.-_l o L I... ._I.ll \.'))‘.n\ L o Fay _J‘_I.
Fr gy .xf.-_....ﬂ,.........,.f e el ..._....}f..q
e e J__.__._. o . u.-_-.i.._-.._.__._.r..___..rﬁ.. b P i & _.._._ -
- !‘.‘1 ., fi L™ - -JI Jl.
ey o ...r oartea .,.f.._.r ...... L el IR
a ~— i!-.-r .-.._.i.-nJ...__...u.-_..., -i-t.__..- ___._-r__ " P, ._.-._- P,
. - i e vl ... - .... L ....n._...,-..
~ -l , ....... o P g
o ., l.-__.!.._.__. . ___t_fq l.. . -.__.-. oy
e \lﬂ\t\\‘%\ﬁ\\\%\\\\\t\\t
.“tmlmlq.tﬂtulntnl-lul!lﬂ-ﬂ\ﬂ\\l-l-\\_ﬁ\\ﬁ\\\\\ﬂﬁﬁ\‘ﬂ\\\qﬂ‘\-\ e e S
il N r F r F
~_..;.._.r F%%ﬁ\\\\\tsﬁ\ﬂ%\l{%\l{% T R R N o P
e % o T e Lyt g g BB AR A Lk o R R g A R B ol ol ot P

IAFA S FEE RN FEEA AN E RN RS .-..I.I_l.li.lil.‘.xl._l_.".l__.lhlll_-‘ll.-\l\\\\.
ﬁ\\ﬁui.‘ll\\ia\\l.\l.l.lml..\\-\n llnlllllu'lnlt.llll.\.l.llnll._.- R RN l...-._..-_.ll.l.l._.._h.ll.l LR !l.ltri.t.!ni..l-t-t!\t!‘ﬂ.\

.._.._._.._._..._.__.___..h_._..__n._o__.\.u.._._._....,___.._._.u..__.r_._.‘.1..._..._........__._._.._...__.1_.‘.u.,.__“___......_.ﬂ__......_v_...__..___.,,.._.......,___.L...._..._..kﬂt\lﬁl\\\i\hﬂk&h\\xﬂh\\\u\..__..._.._.._...

- em s re l.. lllllllllllllllllllll
Rt i b v o . ﬁ 1\1\\1.111.1\1.\1.1.}:1&1&%\\1\\?.1 -

- N etttk gt R PR .

e L o o SISl T e L

L e el

Lp.i-_.._____..____.....l..-1!\1111\1111&\\‘4.\.\.\ ath

[}

*

e S

..fv..r____..._____

.1.. h..__..,_._‘.,

l\\llll.lﬂ. ._._..-\_-t.l -

....t._.-_..i-.-_.._-_

.lhl___ 3
ll ]
Ll

p™]

AP,

__..__..‘.n_.__. ..._.\

..S...\.n .\_.

n._n St

mw..h._,..,.h.

o

P n’ L
_...1_..“__.. " LA

-

*i

\ '--'I"" y ""'l-',.
'
+
- K] ]
‘+' -i-: Y -'-
-
L]

L7 \__-”.._.mw._.,
._.u..__..___..__._. “ud

ﬂl.ll

7 ¥ 77

P -rh_:n o

.\.T..L._“_‘..“ _._ ..n .n..—
.mﬁ.\a.v\ 2 .u... (% ..M %
umw“ m .m.w“”wﬂ
£ 75 Y1
5 §a £
§4 87 Y
XY : 1ga il
.“w,. X : jEE

e Y I F

ﬂlw L_u-.\.ﬁ_lh.- . WK\W&MI\“—

¢ ..v ...._....._.._.._..{._....._.._.._.\h._..{.:.\x\x“ ’ .sv

o e s
T e Pt L

SN et v, P \nnn vl

o ._.n_.\n....“”u.ﬂ. Pl C IR 1..”..,:. i

N P P e p e S ...n...o....
s ey L v H\.
....-_.__..-...r_...q e -tt_._.q._._-__.._.-_...._._.._... .___._t._._._

gt e n_-.)-_

.“u\ Laest
e

u_‘” 1\ ._________.“.._..._..._..__-



US 10,827,916 B2

Sheet 5 of 10

Nov. 10, 2020

-
7%
.‘.l.l-.‘t....-t

P ety

1

)

)
AT L TR G L L P I T -
lillilﬁ-{iftlll{liif\lﬁllll.\tl\li Ty, .ll...____r .lt-_..__._ .-.l.__.._ -l.(_\ F

‘

:
cl.':
W
5
4

i Ll L D PP R Lo L P O N PRI

b
4 B l."l"‘ll"".

‘o .

"hen
.“-. I.Il_. “._-..__...\.-..1 “
.-.._..l.l_..._.___ " ,.__.\._.
g

4 i et
-._..d. d ._..___\ ﬁ.

"\

:

g

¢
i
i

7
<

a m i
Pl =, e, " ",
Y e ~X \
. -..,,_.-.”.._.._.- e e e A T g g Aay
e _-__J_..-. ilr..-j..(_ > ....lr\\hltt.._-_'_... -_..__.l._._ __...l..._.____l.-.... -___...___l-_ 1—
L} Ty e, iw r . ' b T e I
fa, Ta, [ ..l._-.l_. (o™ \ll. .-__-r .\..l.-_.ll-.l..- Tay ”
" Ay Twy ay = N e
e o T, S Trg e #a
T T T o .-.l..-._l_\.ll. e T T
e
N T e s N "
PRI b b NI Oy S
S g :.Nf.(i i i T SR W ML P e ]
R g L YR PR YT YT o
l.-lﬂllxl.lli.‘.\lli.”t!-\-‘ llllll FEE Ly rrrs PO N l.l‘l‘l.l.‘!u
el R TR Y R E L T . A e
! e o R L AL A VT

{“:ﬂ.{hm'ﬁ*. -

B T, T, b

PR

\ A A AL A I B AP 3 o o A it B o ﬂ
TARF AR APPSR AT A WS 2D A D S AL FEPL L o w

L R e o at el i et A A R e g i R R N LA Rl e R e
“_-.1.1.”1.\.1._1.\.\\..__.\._.”-_”\._1\.\ g R R R P e

LA A A ARUPS P DL PELL P T AFEAL S PEPELDEPEEIEEPIEE ST FET

.«.._._.L_.-._...-\\..._-HHW

e AL AP A A AR

uuuuuu

rangl
o — . Lew -1q-uq-u._. ‘__...___.”1.___..\..._.__._....ﬁhﬂﬂ\ﬁﬂ\tﬁ&hﬂiﬁ%\\ﬂh}-ﬂ\ﬂhﬂ_.__,._...___.__“_, v T TE N, e uﬂ\nttqﬂtihﬂ%? ...... \..__._rn.._-_-..
K e A A I a3 3 b
. . . a 4 PREF A m -
._“____. g l\-r{:-riﬂ..nn.“.-:...n..-t.q... g :r.._.tlrluu,..-r....-tw._._ ay Ty e %ﬁﬁ\h&ﬁ\%ﬁﬁﬁ\mﬁ\m‘mﬂk - un_..“ - n_....u____..,. . ll..-..\. ._.._u. re-

Ny

F

. T .__-..__I_...ﬁll_ “ay
s P, “u, .u___._l _.._l_.___“_-..fl_.__ _.ll_.l....._. _....-_.___..-_-__..-._—
e ....__..._.._..-..?h.._._...ﬂ........_. AT A e ],

MARSD A S FR R AP EREAS

" - . r, T o
I Py M P P .____-...“_...._f_.__p.._u.r____.....?.. a

. ‘e .
R S g g ..rlh...-lsff‘(l..\-tw._n-ll\ ._._-...-...._._...__.-._._J......_.l.._..._._._._.l..i S

a
I.\I_ .I‘ r

T AT T

™y
-

I Vg Wiy R I e

AN TN
oY

n

Pl Pl L s Mg
- . ) "] .l_ll_ .ll.l ..II..I ¢ » s -
T \.-_._\_.._____..t...i.-_ s . t.._.__“-_.....___.._ ..-._ﬂ.__..__.l-j..h-....i._-l-ﬂ._..._. i

P P Ty P

oy
b ]
v
,
-.'
N
v 7
N
)
s
;:"1"
| |
Ny
| ]
:_..
‘-‘
'lel\
‘.h
L]
Y
-:' 1
L | -‘l‘
; )
lur N
Lt

Tl o ™ 1-.___..ll_._-\.l

4y

L4
m ...u..?....uu

Wx...ﬁ.v

ra

S
e R

MH‘...,.ME

x
%

U.S. Patent

Bn



US 10,827,916 B2

Sheet 6 of 10

Nov. 10, 2020

U.S. Patent

'

A

ﬁ.
-~y
£
~

*

Bame o

"
*
£
P R N R R R I I I R RN YRR - e st a1 1a1a18dd FrP Ay s anuERaNnTEwT L I -
4 4
! Y
" $
; Z
s
P il .hw___._ S ___._._._.-___.___t s P
.;_-.L..\.\\.._n ._._.“_ __I...._.__..\-\“.
. -ty
et L__.._.u. LA
LI
ﬂ

-lI‘ “
ﬁ L) ..___.-.._l"
4 s
) \\
\ M_.
! .
[
_~. ’
r
]
i
M i
1
..-\. .W... - L . . : e ' g N o Wm et i s sy . *
't .\.r_n b “ Wx&\\d&ﬁﬂﬁﬂﬁ&\.\ﬁhﬁﬂi}. WA SR S A Y s S S B P AP PP R
., .ﬁ P T LB LS Ao o A o AU LA A S S A LA AL LA A QT AAT VTV RV Ly o F LRV AT R
_-._-.m_.tlt_.._\ llirl.-..llll-.-\l\—i -ﬂ -\\.\H\\\\.\R\K\E\\;‘.\\l{\\\l%\\ﬂ\\ﬁ\\\h\\\k\\t{kt‘\l%\ Fhpadeppdrper a8 08 &S maaal
W-J\. A,
Ll i %
LR XS
o, .{._,...
S,
s &
¥
.,
. -~
% BT
LPI .
- t.‘ L B X -
b . -t ey
e k.
o e ____._.._.u._..é__.
.t.it
i u._ . Canns
.‘ ] o
ﬁ _-.1-_.-.‘.._-._. ....-..l.ll...._i-ll_._.-)‘ll\-\._._-
J‘
rAFEA A rsrnpArsnanrrr s R e re T rFd AR barEA A sprnasunawr RSl Sl A, AL AL LSS RS SIS
.il....Hl “._l.l.l-l_.l.l..!._.l.ll..lvln.l.l_-.._._.l\_.tl!- Fr i FrrIN s A i s vl For o P AR EeF O AR Ay R R
r n r r r . . L
-.-..._.“__ B A R Il o ol o i N R o Y O EL S EPE PSS TS PP IS L0,
al - ¥ - M i T R ol ittt o P g S S aa R :_.H
[ L " . .
.ﬁnh.\ U A A A A A A A A A A ANt
A A R R A e A o S W W o Y K X e
e s Py D Mg Mgl Mo Mo e e e
T i e W LV L " Fna Pu, M, .._....._..“
m\ T e e TR g TRy e
et tea e .......i.....;l.......l”...h...-r.........._..,.- - i Pl e Ty
et Ty v o
m-_.ﬂ.. hli.tj”.uih!l.“.i-rinu.u..-tth...,_ll...-- “.“.“.H+H.H.H-H.H.H-U1TU.V1 o AR A A A AR AR R AR . b
F e i T P L M i i i P i O PR e e ot e oot s e e A h i h mma b mm R S R L
r R ..II.I..__..-.-._..III_.II..!._.I_I. oTaat y i " I_lI. -\ ‘aty }‘ 'l
?..n...u\..w..a..,.?h.:.::... ot %%ﬁ\%\ﬁ\%%&%&aﬁﬁ L s e ool
Ay S .r..I.lI_f_lI..l.l”.i.l..l_l_.li..ii "t .‘_.Jl..l .}__.l_ g LIL ] “i.-.l_- .-..“ "2t P A A S S RS s mEEa e A i P
A .-..___...__.,.r._._._ “ra, ..l...-..-t._.“_.__r .“_.-l N e .,.“..__.“__.,.,.. S N R N T iy el
[] L) - o . - .k F A
“l.ﬁ.—}i‘ thf#‘!liif#"ti“ﬁbﬁl‘.ﬁ!ﬂ o ._“..__. L‘- .-n\l.t\..n‘r..h_ "
i - 5\%
‘ ﬁt e llr-b”l..._.\-twr..n-:ruhan oy N - 1;[.“.1. J
o R SN ST SR N
' _._.I...I.._._._l....__...._..__- ml._.f}- -..1“..!. 1 ..-t.___...-._._“...-.q.-_._._.“_.-..- W,__...__ e t._”.:...._.. -_._-r.__..____.uﬁ l'l.r. ¥
.ll_.l.t.- “ Il.lll -11“.1‘[_!”_-___.4_-._!]..!!...-”._}-.-1 - .l_Jl._..._.i..‘_” u-.-l u.-.-.l..\- o a .-.-\..._...._..____“.lt..
ﬂ_n .-.-,1. .f .____-___...—b.“
L
L )
s



US 10,827,916 B2

Sheet 7 of 10

Nov. 10, 2020

U.S. Patent

I
.“\.... A o Nt A T R g ......'- Flaaaa i ianrr FE T AL T AR A AR Ay gr
h *
: ;
1 ]
. ]
7o
" i
L v_-l.
o
“
x.__.
m
b
- -I.I-. .I—. -.I- .‘..‘ - a -.‘.
e T TP Pa,
q....II .___l.i-“_”.-_li.._.l.t-l 1l‘!.-..l....l’l..-..{ Ly
a oy w P
\-\\l v_ *x .-i..l_“_”.-.. T -_..l..-.. i._\_.lfl..l[
h...\ ol N e - rhy_
t.-\...__.____.. -~ ’a ir_t__.n.lli._.-_ Na T
x..ll. .-t. l‘_l.f .l“t.. “]l.i lt-l-_. I-l.I_I__.-\_l.. [ .‘.I T
. II o e g ‘r.\ - I_ll.
- * # T .__vll
- "y T oy bl
v T TR, S
I_l..-_-.lf - I.l.l.‘..i.-l.l h..iil.-. I‘-'.l.
J_\- - - l'l.-...-. - ™ ‘H’H"‘l
M P Pt -
. ll\.!l......l!......n\n!-.._.rl.._lll_ _...-....”__.l.lf_.._f._.
. -..-.._.-___.n_._..-.l_-...”__-..\. ))U,...-._”
- & Pl “w
" AR RN
1 . r
P ey .-.-,_l._..l. lll-_.._.-.l\._-l. b Pl -wlﬂl L] )‘ﬂ.’lﬂf
L e .-l.ll ] n - L et
.‘. ”.-"..____ X . : T » » nr l.-.l.-_ll-_._.“i .
.“ ._\.\-...-...___1 Yy l...l__.ﬁnl.-_... L]
._-_m‘._. o N N R P Nl
h-___.._ﬁ..-___u..' .1.‘ PRI PR e P SR R A R o
el .\.‘ - “ A el o aimemies o a ol
R T 4 Er s Mt P P L8 P it it 7
_1-_“ “.. > N N W I o e, R TR R N N
4 r
&
; /
L

L
n
L
L

LR TN
IO

AR e A h"'\i‘:

*

L
~I

v e A R I i  am a

P T e T T T T e e R

i T g, e e T e e e By

._-..‘_.-l\.-_“_..... g a g AR e rE A gy e s d T T Ay
~J e e AL LIV LX P PYPNEYS STV
. s I A Bl B e 3 3 A A A Al 2
.-1.-.-.-_ LR N Call o ol L L R
PR T O i
...ﬁ..___-...l Aepepennsm FET L Tl g g e L e e i e ol g g R e e
l.ul.”l"l-..“ltn.qvl”lﬂﬂr“\-\!liﬂhﬂuﬂrﬂ o __“‘h“.l..”..-_ e ._-..__..-lul.-...._..-.l..l.l A mE -_.__l.ll.ﬁ.l..
R e Ry LR PR LR
O T L P A R A
ey R g T AV Y
= w, ._._-._-.__._ e, e, e, N W iy Ny ey Ny Ny 4, o
_-..._.__-..__ Ty t.lr\et = __..._.__r.r T P h-...i_...-._.. - ...._..._..._.-.____._._ T Al W i
ey e, e N, Au, e Mg ey e Nt e P P
] lll. ., L ‘f - ’ r F ¥ I_I.I A -
bit.l-..“.ll\i.”:-\lilllj“.!lllf-il “-Il-.._... > .l.l....._...-.____..I_-_ l....ll“..\itil.‘i.__..-.-n.- o ll..-_.-.r -..'.._ll.ll_-__-t_.__-_.
- - I..-.-.. i.-.l ‘l_-. .‘Ii -_!.rl. I..l-. ‘? ‘_l.i. .ll..‘.‘.-.i‘-.-l.l l.-l'll‘..l}l‘..“-..‘__ll.r l.l..l‘
i P T P P Pt Pk iy Mg Pl \l__-....___ oy -..__.__.__.l._._.. Moy Mo T, S
T T Tyt Ty o, T, " a A e, T T, T
i N i i i T
c A R A A 8 S Ny S S e N i
TN e i W Pl i B i M T Y P e T TP
g T i A i P P i
xhkl .I”.I }ll.l ‘l J\.l_ .’.‘.—- II.\ff .'.‘l .f..l.* ‘.‘.4 ..'Ih'.‘l.t. I‘Fl'. 1‘.!.'.‘.—.. I._l.?.l_‘l‘ fﬁ‘.‘.‘.
Ty Tl Wa T Ve Ny e TP P i ¥ omy
v’ Veg y ...,..:-.-l......_-_ ,u -.l____..-..._ N o, .__.|_._t. T, Tl e e L
-._.._...._.._v T A Ty S g e Py ey N A TN .,“_.__...

w._m\...u.‘.nh___.a.
oo f o

-~
s,
Y

Ko W
5o
% &
LI

40

F e

™
)

Fr S R R A R R ey

_A--'M"lr
-f-"“.h.

ﬁ‘hhﬂu.“u.ﬂ.m“*.“ﬂmq

A ¥ i f A LA A

n

§
M.
"

FITTEE DR ER P A BF PP A magng p 5 = 2
it g LA P L g
P

T T R L RN, L

o

Pt P e R ¢ SRR RN R E R N NN o o o o N o ittt S Y P



US 10,827,916 B2

. F " & -t
e L AR L
o " Papad LYY ._.__.w
, 1...1.&-1__ o s s .‘l...-..l“l. & A
~i % % g
/’ 4

7,

%,

SRR ]
"

Sheet 8 of 10

A,
4

\

}

%m.ﬁ\h ”.
\M 4 ..u__

H ._1. \ -
FLS D . ...v. o
mn\m M .h.._...._.._.. \\%‘ .

Lo
ot ¥ e,
7 o *
5 5%
Lo “m_r_..__..u.....,_.h

|
|
:
:
m
1
|

Tt e B B
Ay, Ty T

A A A RE FE R R R s At g npaapp g asn A N A e a

L e T, T e T g T T e B T R T
SN
Er's'
T

A A AP R AR AR A a s ma g A E T PSP EV

Nov. 10, 2020

U.S. Patent



US 10,827,916 B2

Sheet 9 of 10

Nov. 10, 2020

U.S. Patent

. Ll ot ]
S ___"1. r, w.\ u-_
Auy ___.\ vy
. o
“.._.-._. “ in..?____"
>, 1..ﬁ L _-_
: b
’ £
. !
z ’,
£y 44
._.u..._l.l‘._-.1\{\lql.-i._-.lii\!tiillu.__.-_nui.l...l...l...l_.hiIll.. lllllll A A o d N RA A AE A ' gt fi A= Raa e R Ea R ...HhL......l.-.....l_-..-._-1!1111..11.\1\!1.!!!111.!1\-1.-11! l..-
L
; } ; ;
Y 4 4 -
¥y " ’ ’
’ r ;
] [] .__..
..I_.l.-l.-.‘l.r
AoF
-_.-.I_-l-.\-
;.-...__1...;_..\.___.
L ]

&
t‘.‘
=l

W.“__ .-...-l_ .‘-_I._.I.l..t_-

Iy &. P “
" .“..-l._.-\_- 1_.-_5....__1.1..._... ey J“ -ﬁt -mp '.
v .

]
Rk
5

£,

....._.“.h__u_.. .._l..-_.!..r ‘a A“wu ”
’, ”___Ii ~ s
m._-._..q.w {t\-\ﬁ - ..-t._h_..n..phu. m ..u.r._..____.__..___q“ fu-.-f -~ - J.._.._...._..._....H_____.
" o e e e e
e RO el
\'I..._-I illl.l
...!-..- .r.-._.-..h....“ -

4

t."'
N
Lt

Lt y -nt -
% i 3
. f/f ...._1_..- i - ~
"~ oy v
l-_- L . | g, \ ...-_ Mg, )”Hl.’...l..r ._..____I-lf.___- ___-a___h.._.-....._ .(«-.!.-,I..__...-ull.__..l.-r -I...-_._.__-_._I.__._\_._n..-__ _.-.-_._______q_.__._ ’ L e - L. Pl
o . .1_-.-. . 3 e o Jl. L] .lii...-.l. L l‘-l_.-\..._-_._ﬂ..‘_ ey - l i ; I.l.'.. - . .
- - » [ ] |J..‘.l .F'!.Iffi ] ERHI‘I.‘HHH E Ei i) " . T . o= . o= L) ‘.
I W A . 5
........ il Ao et T i SR SN AR R
£ W L e bttt sriress ik A Jiee e R
X ; : s | BV 3 ot P
. ! " o ¥ i G A A
wrra Nea - P T ; R B A A e .
C e ; i g . !
r
: “.\. % §
._ﬂ_.__.,..._ r \.-

™ e
8 gt
v

x_ )w
.“. “ _-.__..ﬁ_q )
] o 1 >
.__.__..__..1._._&__-_ .-...-.rlll._c._._l\..__\l m m i, ) \__.t_._“__n“-..-_q f); l.}..._-...- -
~ : % . L e
3

Y
Y

Rt e i e ey

“ m
f H
74 VA m
m 2 1 A :
Y .
v
Y : 4 3 oy : M
fa e ¢ [ \&?\__.\_..\.H y 4 £
“il.l_ “ -:r. .\_..I____...__-_._-_-___I"% .\__..-_\..-. “. rrf-_n - et “ "
hl_- .-__l & fl" “_. ﬁl.. l..lf“ l.ll...-l.l_.l.l..l.ll..l.l-.l_-. n‘"
Frwm “-.1._.-.-..\.._-.__._.\\.\.- o A il g i e o o' o o e S _I_l..__-“.i .
"2 PSS Y A Xt L 0 gl £ i oSl SEASAC LA AL b A A AR AL A
.;__r...- : S o s o R AW A oA e “_ B 2 O st s AN £ a8 s sl s Al PP PP PP PSP T
__.______;m.___..._._..____. . it tpmigal gy R LR Ry r N LRy LR ....-._.n_.__.____..___..._.... l!l!ill!.\.\-\.nl\- . ‘plte vl vt e e gt e oLl P S
.-.,_....,......._._.__.._....-._..__.e..__..__.........__.._...__...{\5\&?\%\\\\.}{1‘?}1\.\;‘1\\11.\.”\ o v T L e ettt
“ﬂﬁﬁ:ﬂw\ﬁ%ﬁtﬁﬂﬂhﬂ .nﬂ#nﬂg& ﬂ..\q&\sm Mrrrorommprrererdd PINNAN L 8 AP PAA OO0
fogrenn n-:...ﬁ...-s“. "u, ._.......... Yo T ._.m._....u._...‘_..._..._\ \Lﬁnrnfﬂu.ﬂf.t“ ., VO LA P LPDPSPIL LI PPIIE I PP PP 5P F PR S B
PRI O AT I Xl Ny "~ T e et e e o T i
R s R N N ey G .........n.u. I G NN Y
TR e e T e e A e
m N P S e (P Ping .............,...,n..)..!..... b g B S ...,u.._..n..rn..,....._u.........n..ﬂ!_....m
M I e R g v ragley Dt i S S N R R UG St g i)
e e s e B S S I B I I MO AL e
g e R DA TR S N R R S e S L
R N A R e NS e snne
T g P N i o i - I R S i M R O N SN S M S, Pt
e N e S T RO t\u.?.n._...mfff e e 3 e N S P o fm...rq.....?-;”..-h- ).zfﬂ.___f "ol
W B R S R A O Lot O e S
LE Y . - ._._._”....._ -.__u....___.t » 1.._\......_._ -..._.__._.___...-..r:.___ .__.-nn-..x..s-..-r-....-.-r-.:.. _..-Iq_......_.. M - L) . ..)-r..-_ _....___-_-_._..._._....___“-.._.._. \:n:ttiﬂir&fhn“\.ﬂ.{ilir- e t_.__.f......_.-.._“_-._
P I W B i X i S Sy P T %, § B G W P S e e o i S P il
o 7 R Pl S M e el PO i P e T e Sl i et 8 o -.___.........\n —_ fnﬂtﬂfH-”h&-ﬂﬂfﬁuﬂfuﬁfxff o Twa gt
e - " o Tra M
‘ N G I RO NIy
- il_-..f(.. - ", - e, s e e, ._..-...._-.l-.__. ..-..._._..J._. Py T S



US 10,827,916 B2

...H'l-.l. --------- A& A A sENFE X ) :
| i P PN d Ty ey
“ R v _._.._-...lll.Il__..l....-.-_l.ll!.!...li.i.r_-lll..-iil-l.l-._.l.‘.llll.ll.lll ‘w
n. - . d s EE s I.l.r
“ ¥
. r
')
r
¢
s
i T .
A N s
-_“_ !.-..‘._.1_...'.\. Ii-rllx.\‘ ..ﬂ.-.._. .ﬂ..-q
..-.___.l..l...l._l h\\l.m_._l_._l... |
. Z o tﬂ“—.____..l...___.._ nw
/ . 4

i
iy,
.a--""-"'.ﬁ.-. M\'\ it

Il\.i-.l.
_ _ -l-.l ra o
n
f ¥,
] 1
.‘..A._..._.._.‘._.
[
— {75 A
L .-..l_“_ - .
y— % .aa _
%
-
~ T P e L T . | ) \
I O N T A, o
<P s s S \
. l_._\.- a.-..-....-li ._-.r_____ -..-_..l-..__..._ L l.-_..__.-_ ., F
h v ] .____.__....,__..._..H.__._..! n.ﬂ\rﬁufﬁﬂifﬂrl\h-.”‘f ...a.._.” % .w u— }
_ll__-.! l-ll..‘ll'.l.._-.l.l.l“. h.l.l..‘.“l'l_.l..”.ll I.lll..\.l-_ 'y M
‘ iy g i g ...1._.“......-“ t
S FAAEE ..f...... i i e Ya, g TP, !
» A S e e, ¢
e N ;
. A \H..__r.__._.ui._..he "he el N . Sl .
- Alrar o i P A PILEESE I ALLEPIIRE
. g P Attt it i i .
3 g . . FLALL IR S PEPS A . m — T : Y
2 7 h , P SN A A L v el LTy
.__._____ : “ ns.____..._.___._....__-..u._ .__.._....._.x._ ) o S o o b Pt b b o e .u___..u‘..n......_.____h_..h._.____.__ Hu:._._...._._\._.__h_.__.___._.__._.._.
- . . - 2 g S ELESS LS LS L . ittt
L . 24 s L.._._.n \x L . PR R A o SAORAKARE ST st ettt S A A P bt o
_\_ faﬂ‘q ...\ ' .“ “‘ o . ' o F \‘v AR EEs s l“_lul.._u-lu.\“.__l._..\..tniT\\\\tﬁ.\\\b&ﬁi\\\k‘t‘“ﬂﬂhv K \.l._ i aCas ,.-..-...___..___._. T o T ._____L..____...__-_.“_...__...__..._.-....__.....
\ R N b ﬁ“ .____.___...T- s .1_.1.__.__... *. .____Av...."_._. u.__n.-._x.\\..-k_.._..-_._._..n_._,.. y “ : PEER A A e e .._...___.._._-H_.-_W_..”___.,__.._..___.._. . \t\-ﬁtt\%h\\\é&
0 ‘ “ "ﬂ.’/&\ h‘..x ..“.. &h o .‘.‘ﬁ-‘\..' .ﬂl .‘l.‘- .ﬂ_I ¢ r |..“_. L] t\.i.ll.i.‘tl..“.ﬁ‘..‘..l..l..l.ki..‘ﬁl..i-‘n.‘.!.I..I.'.l....l..‘..‘w\..l‘.“
A . O . - =t
) IS TN AR 717 £ 8%
o . a2 a - ; r S
R . .T..‘.,..,..u. X > it St
— A I AN ".. -4
) L idl A HNCY 1 8 5% ™ v
RN AR i g “
v . r X "y v . -
ki ~ “_._-.r _-..._..a...-_._-.._\..r.__.._v._q “_____ m x.ﬁtﬁ_\h... s “ > _H_.___.u__-___._-_..._.-.-_.._.i._ “..____u.._. “
0 S R AR W z : _.u.__.._:____.._._...____ 74 o . .
A..- e, T . [ ..."\___... ., Mg - o v 't 7
1 m. -t.r -l‘_\ .___._-.1 L i...-l“..\i_..-. . N -_-.k\-\.‘ - ..__-__.l. -.-u\.-._h . .-“h ;.\N‘. .\\\...-.W..l . . .l_rll._l.l..i,.l.i.l. P Fron
SO A vl N, A Al N e T ——ad ) Rt iestl 2 F
a - . A L *a " - - ‘a - F -
& L . t\“\nﬂ o H\\\\Ni_u._\._ ._,H_._.J-_._.t....“ ; +m Qn E\W\m
; iy T a2 r e ; Y -\M 4
OV. A 5 £ x5y D, bt i
. o, _-_...__..____” g W N
" N ._\,_.p A A ik
. LN R g e N -
¢ __rm ...n..h...__.l_“._,.._. M..__..-__..__.__”q..-:.-.._-._._-_...ntui._..__.....\...-.__‘.....i...-...____.M\ﬂ\ﬂ“\ﬂi\tﬁﬁ\ﬁ\tﬁﬂhﬂ%ﬁ.._.._...__._.-.u.__-_.__- mEmemEmAALL TR RS
- LT e T S, A AR AR oo P . ] rassrsrrres S Y ]
/ . e 8-~ \KNW\E*AA-_\\.-. VPP PIION . S L f R b Al . iliialidiniis
] — H ..__..\....l-‘.\!l.lll_-.l...l...-‘-‘.l-‘1\‘\‘\\“1‘1‘1‘1&‘\!‘.\\\‘. ] ..-‘......_‘.._I.I....-.I-....A.‘... .. oL LTt ..1 ﬂ._.l-.i_.l. 1..”_-..1..1..1..-1-..__.
h\.._..!____ J._n\.-_...._. u_...-.l-_ | An - FFrrPrAF RS g g r e \\l\hﬂh\.\ﬂh\?\u&-\ff-_\\‘\l‘\\\\? o
l-&“‘\ -, |..l._-..l.|...l._.“_“.-_1...l1|"...“n.“.“..“..” “.-.I.Il “-“._.“...- “._.“.-“l“._.l_ .an “ﬁ\ PR Fryarddfer ‘.11!...!\‘..1‘}‘11“\\1\\.11!\”
¥ ._1 . a 4. . 1 ..- ............ .” .”.” . -__..- " it F ._.._..t-_.-.l.___‘..‘l....___ I
..1....___.-...___... T T AEAA R e .....-.f.f.-..-...................................-.. . S L_..__...... " "_. N H\..“ﬂ“\kh\\.\\kiﬂh%ﬁit.;mx -------- -
et moma e Sl el T N il ™l Sl e R eerd it s rr el 0 S RBSALSI SRS E :
i e B P e, & P N el Al g Al e e Ay AR il
’ b Ty e e e e PILILEPLT AP IEELIES o
~ O AR e LKL ST SIS RIS 1055
N Wl e P i el oy, ", Muy - “ma e
>, 2 - e T "uy P . 4
A ",._,...ﬁ...,..,.,.“.‘..u‘.n..?,“..,,_...m,,fwﬁﬁ&%ﬁﬁwsﬁ?fﬁ;
o e L > ; » (L S r
e e Ry Ty PEe R, -.-\). A, o las e
ey Ty -y Wy - . . T o ._lr__lt. l._llt_ Ty
N N GO e e,
A AR UL
. . ‘__.ll..t_ .l..!.‘..l .!.l.!.‘ ’.If-l{- L] "ot -.Il.“i‘.-..-\..l. I.Il!.li..‘.-..\.l_l.-‘_lll‘.l.“
S, o e A rlq-tﬂ.{n-uhunﬂ-lln.-w .___.l.._._._....___....__H._...._.--..._._. " g A
‘__l..-.. . ) ™ - e r e .I.\
Fa _-__....___..-l.__ . ._._r..___..... ' w

T T Ny R, e
- *p }.__-_-.l. ", o, "yt
H.nu:%.ﬂhw.ﬂunu\ux >
l.._._.._.i_.__.._..._._... * 1._-.-.._.._._._.__.1...__. ._..._._.._lil.-._._.l._..lr .

]
L,

.. ..\lr.. . Fi..l“ft. .__..H-...Iu.li_.l e P . ,
A e AN e
- 'y [ . -_i..\_.__ gy u W

..._.._.__.-..____ x!-.i .__.1._,-1..-1._:...__..._1_.(._. . _....._..__?.l._.,.n._.._- -_.__..-r.._.”_..___._..“_r__..-

- . " Tea e
. h _I.

U.S. Patent



US 10,827,916 B2

1
LED ILLUMINATION MODULE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a United States National Phase Appli-
cation of International Application PCT/EP2014/050130
filed Jan. 7, 2014 and claims the benefit of priority under 35

U.S.C. § 119 of German Patent Application 10 2013 201
808.8 filed Feb. 5, 2013 the entire contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

The mnvention relates to an LED 1llumination module with
at least one LED which at a proximal side comprises a first
clectrical connection contact and at an axially oppositely
directed distal side comprises a second electrical connection
contact as well as a radiation region emitting radiation, as
well as to an endoscopic apparatus with at least one such
illumination module.

BACKGROUND OF THE INVENTION

Light diodes (LED) are known for illumination purposes
in medical mstruments or apparatus, 1n particular i endo-
scopes. Thereby, such LEDs can be placed at the distal end
of the endoscope, so that one can make do without fibre
optics 1n the mstrument, and the 1llumination module can be
placed directly where the i1llumination 1s needed. This lends
itsell’ with ngid as well as with flexible endoscopes. The
problem with the use of LEDs 1s the occurring significant
waste heat which must be led away from the LED, 1n order
not to compromise 1ts functioning. Moreover, a risk to the
adjacent tissue due to too great heating can moreover be
given, so that the heat dissipation must preferably be
cllected such that an undesired heating of the adjacent tissue
1s avoided. Moreover, a secure contacting and fixing of an
LED 1n an endoscope 1s necessary.

SUMMARY OF THE INVENTION

With regard to this problem, 1t 1s an object of the invention
to provide an LED 1llumination module as well as a medical
apparatus with at least one such LED illumination module,
in which apparatus an LED can be electrically contacted 1n
a simple manner and a good heat dissipation can be simul-
taneously ensured.

The LED illumination module according to the invention
1s preferably designed for application in a medical and 1n
particular 1n an endoscopic apparatus or endoscope.

The LED illumination module comprises at least one
LED, which on a proximal side comprises a first electrical
connection contact and on a distal side which 1s directed
axially opposite comprises a second electrical connection
contact. The LED or the LED chip thus has a vertical
construction with only one electrical contact surface on the
chip lower side, specifically the first proximally directed
connection contact. The second, axially oppositely directed
connection contact at the distal side 1s thus situated on the
upper side of the LED or the LED chip, which is the side of
the LED which emits the radiation. I.e. the axially directed
distal side of the LED, on which the second electrical
connection contact 1s situated, comprises a radiation-emit-
ting region. Radiation 1s thereby to be understood as the light
of the spectral region visible to the human eye, as well as the
radiation of the short-wave and long-wave spectral regions
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which are adjacent to this and are not visible to the human
eye. Such radiation can be applied 1n medical instruments,
for example for therapeutic purposes, for example for photo-
dynamic therapy or for example for auto-fluorescence diag-
nosis.

According to the mvention, an electrically conductive
sleeve 1s provided for electrically contacting the LED. The
sleeve 1s preferably designed in a circularly cylindrical
manner. The sleeve 1s electrically conductively connected to
the second connection contact of the LED, in a manner
distanced to the proximal end of this sleeve. The electrically
conductive sleeve thus forms an electrical connection from
the distal side of the LED and the second connection contact
which 1s situated there, to the proximal side, so that the
distal-side connection and the proximal-side connection of
the LED then via the sleeve can be contacted there via a
connection lead. A simple contacting of the LED 1s possible
in this manner. Larger contact surfaces for the electrical
contacting are in particular created. Moreover, this construc-
tion permits a good heat dissipation or removal. The use of
a LED with a wvertical construction, 1.e. with electrical
contacts on the upper side and lower side, has the advantage
that the lower side of the LED can be contacted 1n a direct
and large-surfaced manner by an electrical connection lead
without the intermediate connection of a further circuit
board, so that an improved heat dissipation via the connec-
tion lead 1s possible 1n the proximal direction. The surround-
ing sleeve can likewise serve for heat dissipation.

The sleeve preferably surrounds the LED, and/or an
clectrical conductor (lead) or 1n particular a sheath 1sulating
this, which leads to the first electrical connection contact. It
1s ensured by way of this design that the first electrical
conductor can provide a large contact surface for the first
clectrical connection contact at the proximal side of the
LED, and the sleeve can be arranged 1n the peripheral region
in a relatively thin and space-saving manner, in order to
contact the second electrical connection contact at the distal
side of the LED wvia the sleeve. For this, the sleeve can
extend past the LED 1n a fully peripheral or only 1n a
peripheral part region, up to the distal side of this, 1n order
to contact the second electrical connection contact. It 1s also
possible, departing from the distal end of the sleeve, for a
web or a tab to extend 1n the axial direction past the LED to
its second electrical connection contact.

The sleeve can surround the LED and/or the first electrical
conductor or in particular a sheath msulating this, 1n a fully
peripheral or part-peripheral manner. The sleeve forms a
closed ring 11 1t surrounds the LED and/or the first electrical
conductor over the whole periphery. If 1t surrounds the LED
and/or the first electrical conductor 1n a partially peripheral
manner, then the sleeve preferably extends over a periphery
of greater than 180° and further preferably over a peripheral
region of greater than 270°, around the LED and/or the first
clectrical lead. Thus the sleeve can comprise a slot in the
axial direction. The sleeve can be given a spring eflect 1n this
manner, and this effect permits the sleeve for example to be
held 1n a clamped manner, on an 1nsulating sheath surround-
ing the LED or the first electrical lead. For this, the sleeve
can be designed such that in its relaxed condition, 1t has an
inner diameter which 1s smaller than the outer diameter of
the components to be recerved 1n the mside of the sleeve, for
example the outer diameter of the insulating sheath. The
sleeve 1s elastically deformed and widened when placing on
the sleeve, so that 1t can be held on the outer periphery of the
inner-lying components in a clamped manner by way of the
clastic restoring forces.
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Further preferably, the sleeve 1s electrically conductively
connected to the second connection contact of the LED, in
the region of the distal end of this sleeve. This electrically
conductive connection can be situated directly at the distal
end of the sleeve, but also distanced to the distal end by a
certain amount. In the region of the distal end 1t then means
that the electrical contacting seen 1n the axial direction 1s
situated closer to the distal end than to the proximal end.

The sleeve preferably comprises a radially inwardly
directed tab or a radially inwardly directed projection, which
are electrically conductively connected to the second con-
nection contact of the LED. The tab 1s preferably designed
as one piece with the sleeve. The radially inwardly directed
tab or the radially inwardly directed projection can be
directly formed on the distal end of the sleeve, but also
arranged distanced to the distal end of the sleeve. The
radially inwardly directed tab or the radially inwardly
directed projection can be distanced to the distal end of the
sleeve 1n the proximal direction. Thereby, the tab or the
projection 1s preferably situated closer to the distal end of the
sleeve than to the proximal end of the sleeve. Alternatively,
the radially inwardly directed tab or the radially inwardly
directed projection can also be distanced to the distal end of
the sleeve 1n the distal direction. Thus a web or a tab can
firstly extend 1n the distal direction away from the distal end
of the sleeve, wherein the projection or the radially inwardly
directed tab then extends radially inwards from this axially
directed web. For this, the tab can be designed in a bent
manner. The sleeve can thus be pushed over the LED from
the distal side, until the tab comes to bear on the contact on
the distal face side of the LED. There, 1t can be contacted in
a known, suitable manner, for example by way of soldering
or another suitable electrically conductive connection tech-
nique.

The first electrical connection contact of the LED, 1.e. the
clectrical connection contact situated at the proximal side 1s
connected directly to a first electrical conductor for the
clectrical connection of the LED. This, as explained above,
has the advantage that the heat transfer from the LED 1nto
this electric conductor 1s improved and that no heat-insulat-
ing components such as a circuit board, need to be arranged
between the connection contact and the lead. The conductor
1s preferably contacted by the lower side of the LED 1n a
direct and large-surfaced manner. A contact of the whole
proximal surface of the LED on the electrical conductor 1s
particularly preferably achieved.

The sleeve at its proximal end or 1n its peripheral region
can be connected directly or indirectly to a second electric
conductor for the electric connection of the LED. Such a
conductor for example can be soldered directly to the sleeve
or be 1 electric contact with this in another suitable manner.

Further preferably, the sleeve 1n the axial direction pret-
erably has a greater length than the LED. It 1s thus ensured
that the sleeve as an electric conductor acts at least up to the
proximal side of the LED, and preferably completely
encompasses or encloses the LED at the peripheral side.

The sleeve however can also be designed slotted 1n the
longitudinal direction, as described above.

The sleeve can therefore also serve for the removal or
dissipation of the heat exiting from the LED. Moreover, the
sleeve can serve for guiding and protecting the LED. The
sleeve can therefore protect the sensitive mner-lying parts,
such as e.g. the LED and 1ts contacting, during storage and
assembly. The sleeve can moreover serve as a guide aid 1n
the lateral direction and as an abutment in the longitudinal
direction on assembly. For this, the sleeve preferably has a
suflicient length 1n comparison to its diameter. The sleeve
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can moreover function as an interface for the fixation of the
LED illumination module 1n the inside of a medical appa-
ratus, 1n particular an endoscope. The sleeve 1n the distal
direction preferably does not project or essentially does not
project beyond the distal side of the LED, so that the sleeve
with the LED can be placed in the inside of the endoscope
as close as possible to the exit window. The sleeve at the
distal end pretferably projects beyond the distal end of the
LED only by the thickness of the tab which serves for
contacting the second electric connection contact.

The first electric connection contact, 1.e. the connection
contact which 1s situated at the proximal side of the LED, 1s
clectrically conductively connected to a counter-contact
surface of the first electric conductor for the electric con-
nection of the LED, wherein the counter-contact surface has
an equal or larger surface than the first connection contact.
In this manner, a direct heat transfer via the complete
connection contact surface into the connected electric con-
ductor can be achieved, by which means the heat dissipation
in the proximal direction via the electric conductor is
improved. The connection contact can be soldered or bonded
in an electrically conductive manner to the counter-contact
surface for example.

Thus the first connection contact can have a rectangular,
in particular square contact surface, and the counter-contact
surface a round, in particular circular shape, wherein the
diameter of the counter-contact surface further preferably
corresponds to at least the length of a diagonal of the
rectangular or square contact surface. It 1s thus ensured that
the connection contact can bear on the counter-contact
surface 1 a complete manner.

According to a further preferred embodiment, a coaxial
cable 1s used for the electric connection of the LED, from
which an inner conductor forms a first electric conductor
connected to the first connection contact of the LED, and an
outer conductor 1s connected to the sleeve 1n an electrically
conductive manner. A very large cross-sectional area of the
conductors can be made available with such a coaxial cable,
and this large area permits good heat dissipation in the
proximal direction. The inner conductor of the coaxial cable
in particular can be designed with such a large cross section
that 1t can serve for the heat dissipation from the LED 1n the
proximal direction. The inner conductor preferably has a
cross-sectional area which corresponds at least to the cross-
sectional area of the first electric connection contact, so that
the first electric connection contact can bear on the face side
of the inner conductor of the coaxial cable over the complete
surface. The sleeve provided according to the invention
simplifies the contacting of such a coaxial cable, since the
inner conductor of the coaxial cable can thus directly be
connected to the proximal-side connection contact of the
LED, whereas the sleeve permits a contacting of the outer
conductor of the coaxial cable to the connection contact at
the distal-side surface of the LED 1n a simple manner.

According to a further embodiment, the inner space or
interior of the sleeve which surrounds the LED can be filled
with a filling material which 1s transparent to the radiation
emitted by the LED. The sleeve thereby forms a container or
a vessel which receives the filling material. This 1s particu-
larly advantageous if the filling matenal 1s filled 1 liquid
form. This filling material on the one hand can serve for the
fixation of the LED 1n the inside of the sleeve, and on the
other hand can improve the removal of heat from the LED
to the sleeve. The filling material can moreover also con-
tribute to the stability and strength of the sleeve and of the
LED illumination module as a whole. Thus the sleeve filled
with the filling material has a greater strength with respect
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to external mechanical influences 1f a filling material having,
a suitable high strength after curing/hardening 1s used.
Moreover, 1t can permit an optical influencing of the radia-
tion at the exit side of the LED, at which the radiation exits,
if 1t 1s designed transparently for the radiation emitted by the
LED. For example, by way of a suitable selection of the
refractive index 1t can permit a desired refraction of the
radiation at the transition at the LED into the filling material,
and as the case may be, from the filling material to an exit
window or to further optical components. The filling mate-
rial, for example a cast mass which 1s situated distally of the
LED, can moreover contain a converter material, which for
example shifts, widens or changes a wavelength region of
the light emitted by the LED. In the case of a suitable
selection of the filling material, the LED and the electrical
connection contacts or at least one electric connection
contact can moreover be protected from moisture by the
filling material. Thereby, the filling matenal 1s preferably to
be selected such that 1t can withstand the respective prepa-
rations methods for medical apparatus, e.g. autoclaving.

According to a further preferred embodiment, the sleeve
1s surrounded by a thermally insulating sheath at 1ts outer
periphery. A heat dissipation or outward radiation of heat
from the sleeve to the outside 1s avoided by way of this, so
that a heating of the regions surrounding the LED and the
sleeve 1s reduced. The heat dissipation 1s pretferably opti-
mised such that the greatest part of the heat 1s transmitted 1n
the proximal direction from the LED onto the electric
connection lead and/or from the sleeve onto the proximally
connecting components.

The thermally insulating sleeve for example can be
formed of a plastic material which 1s deposited directly onto
the sleeve or surrounds the sleeve.

The sleeve according to a further embodiment of the
invention can be arranged and designed such that a distal end
of the sleeve 1s distanced to the distal side of the LED 1n the
proximal direction. I.e. the sleeve then 1n the distal direction
does not extend up to the distal end of the LED. In this
embodiment example, the contacting of the second electric
connection contact of the LED can then be eflected via a
web or a tab, which extends 1n the axial direction from the
distal end of the sleeve past the LED up to its distal side and
thus contacts the second electric connection contact at the
distal side of the LED. For this, a tab or projection can
extend radially inwardly to the second electric connection
contact, 1n a manner departing from this tab or web. The web
extending away from the sleeve 1n the distal direction for
example can be bent at 1ts distal end for this.

According to an alternative embodiment of the invention,
the sleeve can extend axially beyond the distal end of the
LED, and a window can be arranged in the inside of the
sleeve, at the distal end of this sleeve. The sleeve theretfore
forms a carrier for the window which 1s then situated distally
of the LED. A free space which 1s present between the LED
and the window as the case may be can be filled with a
suitable transparent filling material as described above. This
filling matenial, as described above, can have targeted opti-
cal characteristics or properties or for example also contain
a converter material. The window which 1n particular is
manufactured of an amorphous matenal, e.g. of glass or a
crystalline material, e.g. sapphire, has an outer periphery
which corresponds to the inner periphery or inner diameter
of the sleeve and thus can preferably bear on the inner
periphery of the sleeve 1n a sealed manner. The window can
be bonded or soldered to the sleeve or preferably sealingly
connected to 1t 1n another manner. The window thus forms
an axial-side sealing of the LED illumination module. A
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sealed encapsulation of the electric components such as the
LED and the electric connection contact can thus be
achieved 1n the LED illumination module 1tself. This on the
one hand provides a protection for these components belore
the final assembly 1n a medical instrument or apparatus, but
on the other hand protects the components 1n the medical
instrument from penetrating moisture at a later stage. The
window moreover contributes to the stability of the LED
illumination module and of the sleeve, in particular with
regard to lateral effects of force. The LED module i1s thus
protected from damage to an increased extent, before and
during the assembly. The window lies 1n the sleeve prefer-
ably distally of a projection which extends radially inwards
from the sleeve or of a tab which extends radially inwards
and 1s for contacting the distal-side connection contact of the
LED.

In a further preferred embodiment, the sleeve can be
surrounded by a further outer sleeve which extends axially
beyond the distal end of the previously described sleeve and
in whose inside a window 1s arranged at the distal end. This
outer sleeve can likewise be designed i an electrically
conductive or also electrically insulating manner. The win-
dow has an outer diameter or an outer periphery which
corresponds to the inner diameter or the inner periphery of
the outer sleeve, so that the window with its outer periphery
bears with its outer periphery on the mner periphery of the
outer sleeve, preferably in a sealed manner. The window
which 1s preferably formed from glass or a crystalline
medium, can be bonded or soldered to the outer sleeve or
connected to 1t 1n another, preferably sealed which 1s to say
tight manner. The outer sleeve with the window can be
pushed over the electrically conductive sleeve surrounding
the LED, from the distal end. The outer sleeve 1s then
preferably connected, for example soldered or bonded to the
inner-lying sleeve 1 a sealed manner. This design has the
advantage that the sleeve can be soldered to the distal-side
connection contact of the LED for contacting the LED, and
the sleeve as the case may be can be filled with a filling
material at the distal side of the LED, before placing on the
outer sleeve. This can then be accomplished from the open
distal side of the sleeve. The sleeve 1s subsequently sealingly
closed by way of pushing over the outer sleeve with the
window. Thereby the outer sleeve preferably has such an
axial length, that recesses or operating in the inner sleeve are
enclosed by the outer sleeve at the outer periphery. Such
openings or recesses can be formed for example by way of
a radially inwardly bent tab of the mnner sleeve for contacting
the distal-side connection contact of the LED. With this
embodiment too, a completely sealed and encapsulated LED
illumination module 1s preferably created, and this 1s pro-
jected from damage and moisture before and during assem-
bly. The window and the outer sleeve contribute to the
further stabilization of the LED 1llumination module.

The windows described above, which can be arranged 1n
the sleeve or outer sleeve, on installation of the LED
illumination module 1nto a medical apparatus or endoscope
can preferably form the distal-side, outer window of the
illumination module. I.e. no further window needs to be
provided 1n the endoscope at the distal side. The sleeve or,
as the case may be, the outer sleeve, are then connected, for
example bonded, to a surrounding wall of the mstrument or
of the endoscope, preferably 1n a sealed manner.

The LED illumination module of the invention, as has
been described above 1s particularly preferably designed for
application 1 a medical apparatus and 1n particular in an
endoscope. The LED illumination module according to the
invention, in such apparatus, in particular i1s suitable for




US 10,827,916 B2

7

arrangement at the distal end of the apparatus. With regard
to an endoscope, this 1s that end which 1s introduced into the
body. A heating 1s often to be avoided 1n this region, in order
to prevent damage to the surrounding tissue. Inasmuch as
this 1s concerned, with these apparatus, it 1s desirable to be
able to lead the heat out of the examination region 1n the
proximal direction 1n a targeted manner. The direct contact-
ing of the LED with an electric connection lead and the
described application of the sleeve for contacting thereby
permit an optimized heat dissipation in the proximal direc-
tion via the connection lead. This however 1s not only
advantageous with medical endoscopes, but also with tech-
nical endoscopes, so that the use 1s not limited to medical
endoscopes.

The subject matter of the invention 1s moreover a medical
apparatus with at least one LED illumination module
according to the previous claims. Such a medical apparatus
1s further preferably an endoscope. Thereby, 1t can be the
case of a flexible or ngid endoscope.

According to a preferred embodiment of the medical
apparatus, the sleeve of the LED illumination module with
its distal face side bears on at least one abutment surface 1n
the 1nside of a head of the endoscope. Thus the sleeve 1n the
axial direction 1s fixed with the LED arranged 1n the 1nside,
in the imside of the endoscope. The abutment or contact
surface can thereby be formed by a viewing window or exit
window at the distal end of the head of the endoscope.

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For a better
understanding of the invention, 1ts operating advantages and
specific objects attained by 1ts uses, reference 1s made to the
accompanying drawings and descriptive matter in which
preferred embodiments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s a schematic sectioned view showing the con-
struction of a LED illumination module according to the
invention;

FIG. 2 1s a schematic sectioned view showing the arrange-
ment of a LED 1llumination module according to FIG. 1, in
a flexible endoscope;

FIG. 3 1s a schematic sectioned view of the arrangement
of a LED illumination module according to the invention, 1n
an endoscope;

FIG. 4 1s a plan view of the LED illumination module
according to FIG. 3, from the distal direction;

FIG. 5 1s a schematic sectional view showing a further
possible arrangement of a LED illumination module accord-
ing to the mvention 1n an endoscope;

FIG. 6 1s a plan view of the 1llumination module accord-
ing to FIG. 5;

FIG. 7 1s a schematic sectional view showing a further
possible arrangement of an LED 1llumination module 1n an
endoscope;

FIG. 8 1s a schematic sectioned view showing a further
possible arrangement of a LED illumination module 1n an
endoscope;

FIG. 9 1s a schematic sectioned view showing a further
possible arrangement of a LED illumination module 1n an
endoscope;

FIG. 10 1s a view showing one of possible embodiments
of a sleeve for a LED 1llumination module according to the
invention;
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FIG. 11 1s a view showing another of possible embodi-
ments of a sleeve for a LED illumination module according

to the invention;

FIG. 12 1s a view showing another of possible embodi-
ments of a sleeve for a LED illumination module according
to the invention;

FIG. 13 1s a schematic sectioned view showing one of
turther possible arrangements of a LED 1llumination module
in an endoscope;

FIG. 14 1s a schematic sectioned view showing another of
turther possible arrangements of a LED 1llumination module
in an endoscope;

FIG. 15 1s a plan view of a LED illumination module
according to a further embodiment of the invention, shown
from the distal direction; and

FIG. 16 1s a sectional view of a further possible arrange-
ment of a LED illumination module 1n an endoscope.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The basic construction of a LED illumination module
according to the mvention 1s firstly described by way of the
schematic sectioned view 1n FIG. 1. The LED illumination
module at 1ts distal end comprises a LED or an LED chip 6
which emits radiation or light 1in the distal direction. The
LED chip 6 has a vertical construction, 1.e. 1t has a first
clectrical connection contact 8 at 1ts proximal side, and a
second electrical connection contact 10 at its distal side
which also form the exit side for the radiation or for the light
emitted by the LED chip 6. The first connection contact 8 1s
connected to a first electric conductor 12. One can recognize
that a large-surfaced contacting between the first connection

contact 8 and the first electric conductor 12 is possible. The
LED chip 6 bears with its first connection contact 8 on the
face side of the first electrical conductor 12 over the whole
surface, so that a good heat transter 1n the proximal direction
1s achieved here. The second electric connection contact 10
of the LED chip 6 1s contacted by a sleeve 14. The sleeve 14
1s electrically conductive, for example 1s designed from
metal and peripherally surrounds the LED chip 6. The sleeve
14 at the distal end of this comprises a radially inwardly
directed tab 16 which contacts the second electric connec-
tion contact 10 at the distal side of the LED chip 6.

The sleeve 14 at the proximal end 1s connected to a second
clectric conductor 18. The second electric conductor 18
forms the return lead, whereas the first electrical conductor
12 forms the forward lead. Both are electrically insulated
from one another 1n a manner which 1s not represented 1n
detail here. A coaxial arrangement 1s shown here. Preferably,
the first electric conductor 12 and the second electric con-
ductor 18 as well as the associated electrical insulations are
designed 1n a flexible manner, so that the illumination unit
2 can be applied 1n a flexible endoscope. The first electric
conductor 12 and the second electric conductor 18 at their
proximal end are connected to an energy source 20 which
here 1s represented 1n a schematic manner.

The free space 22 surrounding the LED chip 6 can be
filled with a suitable filling material. Inasmuch as this filling
material also extends beyond the distal surface of the LED
chup 6, this 1s preferably designed transparently for the
radiation emitted by the LED 6 or the emitted light. The
filling material can however also contain a converter mate-
rial which absorbs at least a part of the radiation emitted by
the LED 6 and converts 1t into radiation which 1s to be
assigned to the longer-waved spectral region. Optical influ-
ences of the emitted radiation or of the emitted light, 1n
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particular at the transition into a distally connecting exit
window can be achieved by way of the suitable selection of
the refractive index. The radiation for example can be
refracted 1n a suitable manner. The free space 22 for example
can be filled with silicone, epoxy resin or a similar filling
material which has the desired optical characteristics, more-
over protects the LED chip and fixes 1t 1n the housing. The
free space 22 can alternatively also be filled with arr.

The connections of the LED chip 6 to the first electric
conductor 12 and the sleeve 14 can be effected 1n the known
manner, for example by way of soldering or conductive
adhesive. The sleeve 14 1s preferably designed in a thin-
walled manner, 1n order to keep the lateral extension of the
1llumination module 2 low. The tab 16 has a size which 1s
suilicient to contact the connection contact 10, but 1s pred-
erably formed 1n such a small and slim manner that ideally
it does not at all restrict the light emission or radiation
emission of the LED chip 6 or at least as little as possible.
The sleeve 14 projects beyond the LED chip 6 in the distal
direction and 1n particular also in the proximal direction, so
that the LED chip 6 1s arranged protected 1n the 1nside of the
sleeve. The sleeve 14 can also serve for the fixation and
positioning of the LED chip 6 in a medical instrument, for
example 1 an endoscope. The overhang 1n the distal direc-
tion however 1s selected so small, that the tab 16 can only
just extend beyond the distal side of the LED chip 6. The
distance of the LED chip to a distally connecting window or
turther optical components can be kept as low as possible by
way of this.

FIG. 2 shows the possible 1nstallation of the LED 1llumi-
nation module 2 1into a medical apparatus, here for example
a flexible endoscope. The LED illumination module 2 which
1s shown 1n FIG. 1, 1n FIG. 2 with 1ts distal end 4 bears on
a window 24 which forms the exit window at the distal end
of the endoscope. The window 24 for example 1s designed
as a glass platelet or transparent plastic platelet. The window
24 1s embedded 1nto the face-side wall 26 of an endoscope
head or endoscope headlet (small head). The endoscope
headlet 1s arranged at the distal end of an endoscope tlexible
tube or endoscope shank 28, in whose interior the LED
illumination module 2 1s received. It can be recognized that
the sleeve 14 1s suitable for fixing the LED chip 6 previously
embedded 1n the sleeve 14, 1n the face-side wall 26 of the
endoscope headlet 1n a suitable recess and for positioning 1t
directly behind the window 24.

FIG. 3 shows a more specific design of the arrangement
according to FIG. 2, with which the required 1nsulations 1n
the electric connection lead are additionally shown. The first
clectrical conductor 12 forms the core of a coaxial cable and
1s peripherally surrounded by a first electrical insulation 30.
The first electrical insulation 30 in turn i1s peripherally
surrounded by the second electric conductor 18 which forms
the shielding of the coaxial cable. The second electric
conductor for 1ts part 1s peripherally surrounded by a second
clectrical insulation 32. What can be recognised 1s that the
first electric conductor 12 has a sigmificantly larger cross
section than the second electric conductor 18. Thus the first
clectric conductor 12 can bear on the proximal side of the
LED chip 6 over the whole surface or almost over the whole
surface and dissipate the greater part of the occurring waste
heat in the proximal direction through the coaxial cable. The
larger cross section forms a low thermal resistance. The first
and the second 1nsulation 30 and 32 as well as the second
clectrical conductor 18 are however preferably designed as
thinly as possible in the radial or lateral direction, 1n order
to keep low the lateral extension of the 1llumination unit 2.
Moreover, a low thermal resistance of the coaxial cable in
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the lateral direction 1s accomplished, so that the heat can be
released from the cable into the peripheral region. Thus the
heat which 1s led away proximally from the LED chip 6 can
then exit 1n the radial or lateral direction out of the proxi-
mally connecting connection cable. The distal end of the
instrument however 1s thus thermally loaded or heated to a
lesser extent. The second electrical conductor 18 is led nto
the mnside of the sleeve 14 and there 1s contacted with the
sleeve at the 1nner side. The sleeve 14, as described previ-
ously, then creates the electrical contact to the connection
contact 10 at the distal side of the LED chip 6.

FIG. 4 shows a plan view of the LED module 2 1n the
inside of the endoscope head which 1s shown 1n FIG. 3. It
can be recognised that the sleeve 14 peripherally surrounds
the LED chip 6 and that only the narrow tab 16 distally
covers the LED chip 6 at a corner, in order to contact the
connection contact 10. One can moreover recognise that the
square LED chip 6 lies completely on the round distal face
side of the first electric conductor 12, 1.e. the core of the
coaxial cable. For this, the first electrical conductor 12 has
a diameter which corresponds essentially to the diagonal of
the LED chip 6.

A modification of the embodiment according to FIG. 3 1s
shown in FIG. 16. The embodiment shown 1n FIG. 16 differs
from the design according to FIG. 3 1n that the sleeve 14
does not extend peripherally of the LED 6 up to the window
24 1 a fully peripheral manner. In contrast, in this embodi-
ment example, the sleeve 14 1n the longitudinal direction
ends essentially with the first electrical conductor 12. Only
the tab 16 extends firstly 1n the axial extension of the sleeve
14 and then angled radially inwards beyond the distal face
end of the sleeve 14. Thus, the tab 16 extends 1n a web-like
manner past a peripheral side of the LED 6 up to its distal
face side, where the radially inwardly angled part of the tab
16 then contacts the second connection contact 10. The
design according to FIG. 16 otherwise corresponds to the
design according to FIG. 3, so that with regard to further
teatures, the previous descrlptlon 1s referred to.

FIG. 5 shows an alternative construction of an endoscope
headlet 25, 1n particular of a flexible endoscope. Here too,
the LED illumination module 2 is arranged 1n a recess of the
face-side wall 26 1n a manner directly adjacent a window 24.
The sleeve 14 thereby with 1ts distal end and in particular
with the tab 16 directly abuts the proximal side of the
window 24, as 1s shown with the embodiments according to
FIGS. 2 and 3. With the embodiment according to FIG. 5,
the LED chip 6 at its proximal side, 1.e. at its {irst electrical
connection contact 8 1s also 1n contact with the face side of
a first electrical conductor 12. Thereby, the first electrical
conductor 12 again has a diameter which 1s so large, that 1t
covers the complete or almost complete proximal side of the
LED chip 6 and here ensures a good heat transter with a low
thermal resistance. The electrical conductor 12 1s sur-
rounded by the first insulation 30 and with this embodiment
can be designed as a simple strand lead/cable. The second
clectrical conductor 18' 1s arranged 1n a separate electrical
cable 34 and at the peripheral side 1s connected to the
proximal end of the sleeve 14. The connection can likewise
be efli

ected by way of soldering, clamping, crimping, bond-
ing with conductive adhesives or likewise. The arrangement
according to FIGS. 5 and 6 compared to the arrangement
according to FIGS. 3 and 4 has the advantage that the
diameter or the lateral extension of the electrical connection
lead can be reduced due to making do without the second
insulation 32 and the second electrical conductor 18 1n the
peripheral region of the first electrical conductor 12, 1.e.
making do without the coaxial construction. The electrical
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conductor 12 can therefore be designed with a larger cross
section or diameter, by which means the thermal resistance
can be further reduced and the heat dissipation in the
proximal direction improved. This embodiment 1s particu-
larly suitable for endoscopes having a small available con-
struction space, due to the small lateral extension/dimension.

This design 1s yet further optimised by the embodiment
represented 1n FI1G. 7, with which one makes do without an
insulation surrounding the forward conductor or the first
clectrical conductor 12 over the whole length. There, a first
clectrical insulation 30" peripherally of the first electrical
conductor 12 1s only provided within the sleeve 14, in order
to avoid a short circuit between the sleeve 14 and the first
electrical conductor 12. However, one has made do without
a peripheral insulation of the first electric conductor 12 at the
other side of the proximal end of the sleeve. A short circuit
with the return conductor 18' here 1s only prevented by the
insulation of the cable 34 containing the return conductor
18'. This has the advantage that waste heat can be radiated
or led away in the radial direction in an improved manner,
from the first electrical conductor 12, 1n the region which 1s
free of a peripheral insulation.

FIG. 8 shows a further embodiment which represents a
variant of the embodiments shown in FIGS. 5-7. The design
of the first electrical conductor 12 thereby corresponds to the
designs according to FIGS. 5-7, wherein selectively the first
insulation 30, 30' can be extended beyond the proximal end
of the sleeve 14, as 1s shown 1n FIG. 5, or however can end
behind the proximal end of the sleeve 14, as 1s shown 1 FIG.
7. This 1s shown by the dashed course of the first insulation
30 in FIG. 8. In contrast to the embodiments according to
FIGS. 5-7, with regard to the embodiment according to FIG.
8, the cable 34' 1s not connected directly to the sleeve 14, but
to the face-side wall 26 of the endoscope headlet 25. For
this, the second electrical conductor 18' 1n the inside of a
pocket hole 36 1n the face-side wall 26 can be soldered to
this or electrically connected to i1t 1n another suitable manner.
The wall 26 1s designed 1n an electrically conductive manner
and 1s 1n electrical contact with the outer periphery of the
sleeve 14.

FIG. 9 shows a further basic embodiment which could
also be applied 1n combination with the previously described
embodiments. With this embodiment, a sleeve 38 of a
thermally insulating material 1s arranged between the wall
26 of the endoscope headlet 25 and the sleeve 14. This
sleeve 38 increases the thermal resistance in the radial
direction, in order to minimise a heating of the endoscope
headlet 25 and in particular of the wall 26. It 1s thus ensured
that the greater part of the waste heat 1s led away 1n the
proximal direction via the first led 12. An electrical connec-
tion between the wall 26 and the sleeve 14 would have to be
ensured through the sleeve 38 in combination with the
embodiment according to FIG. 8. This on the one hand could
be achieved by electrically conductive characteristics of the
sleeve 38 or electrical leads which extend through the sleeve
38. Recesses could also be formed 1n the sleeve 38, and these
permit an electrical contact through the sleeve.

FIGS. 10-12 show possible designs of the sleeve 14,
wherein there, the tab 16 1s not yet bent over 1n the direction
transverse to the sleeve and still extends 1n the longitudinal
direction of the peripheral wall of the sleeve. The three
embodiments according to FIGS. 10-12 differ with regard to
the design of the tab 16.

A movability of the tab 16 1s desired, 1n order to ensure
a certain movement ability or elasticity between the LED
chip 6 and the sleeve 14. This 1s ensured by way of slot-like
incisions or cuts 40 from the distal end into the sleeve 14,
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which delimit the tab 16. Thus the tab 16 1s extended 1nto the
sleeve 14 and obtains an increased movablity, in order to
avold mechanical stresses. An even greater movability 1s
achieved, 1n particular a spring effect 1s achieved 1n the axial
direction, on account of the arcuate or meandering course of
the 1ncisions 40 according to the embodiment i FIG. 11.

Moreover, 1t 1s shown 1n FIG. 12 that the free end of the
tab 16 comprises a contact surface with an inner-lying hole
42. Such a design could also be applied with the embodi-
ments according to FIGS. 10 and 11. The hole 42 serves as
a reservoir for solder when soldering the tab 16 onto the
connection contact 10 of the LED chip 6. Moreover, 1t 1s
ensured that solder cannot run away to the side and does not
cover the radiation-emitting region of the LED chip. More-
over, less energy needs to be applied for soldering, and a
laser can be applied for example as a soldering tool, and the
laser radiation can come mto direct contact with the solder
in the hole 42, 1.e. the tab 16 does not cover the solder of the
soldering location.

With the embodiment according to FIG. 13, the sleeve 14
1s extended beyond the distal end of the LED 6, so that the
sleeve 14 can recerve a window 24. The window 24 1s
sealingly arranged on the mner periphery of the sleeve 14,
for example bonded or soldered to this. The free space
between the window 24 and the LED 6 or the first electrical
conductor 12 1s filled with a transparent filling material 22.
Either a first mnsulation 30 or the second electric conductor
18 1s arranged on the outer periphery of the first electric
conductor 12, between the first electrical conductor 12 and
the sleeve 14. The window 24 together with the filling
material 22 and the sleeve 14 ensures that the LED module
1s sealingly closed to the outside, and 1n particular the LED
6 1s arranged with the electric connection contacts in the
inside 1 a protected manner. The sleeve 14 at the outer
periphery 1s sealingly connected to the wall 26 of the
medical mstrument.

FI1G. 14 shows a further varnant, with which the window
24 1s arranged 1n the inside of an outer sleeve 44. The
window 24 sealingly bears on the inner periphery of the
outer sleeve 44 at the distal end of this, and 1s peripherally
sealing connected, for example soldered or bonded, to the
outer sleeve 44. The outer sleeve 44 extends over a certain
axial length at the outer periphery of the sleeve 14, prefer-
ably such that it extends to into the peripheral region of the
first electrical conductor 12. Thus the outer sleeve 44 serves
for the protection of the distal end of the LED 1llumination
module and sealingly closes this. Compared to the embodi-
ment shown in FIG. 13, this design has the advantage that
the free space in the mnside of the sleeve 14 surrounding the
LED can firstly be filled with the filling material 22 from the
distal end, and the sleeve 14 can then be closed from the
distal end by way of pushing over the outer sleeve 44 with
the window 24. The soldering of the tab 16 to the connection
contact 10 at the distal side of the LED can thus also be
cllected through the open end of the sleeve 14, before the
filling of the filling matenial 22. The outer sleeve 44 1is
sealingly connected to the sleeve 14, for example soldered
or bonded. This design compared to the embodiment shown
in FIG. 13 has the advantage that no opemings 1n the LED
module remain at the outer periphery. An opening remains
in the region, 1n which the tab 16 1s bent inwards out of the
sleeve 14, with the embodiment according to FIG. 13.

Otherwise, the LED modules according to FIGS. 13 and
14 are designed as the previously described LED modules,
so that their description 1s referred to.

FIG. 15 shows a sectioned view of an LED illumination
module corresponding to the embodiment according to FIG.
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4. It differs from the embodiment according to FIG. 4 1n that
the sleeve 14 1s not designed 1n a fully peripheral manner but
has an axially extending slot 46. This permits the design of
the sleeve 14 such that 1t can be clamped onto the mnner-lying
components such as the insulation 30 and the second con-
ductor 18, 1in a resilient manner. For this, the sleeve 14 1s
designed such that 1n its 1nitial condition, it has a slightly
smaller inner diameter than the outer diameter of the inner-
lying components, so that the sleeve 14 elastically widens on
applying onto the insulation 30 or the second electric
conductor 18 and thus 1s clamped by way of a spring eflect.
The description of the embodiment according to FIG. 4 1s
otherwise referred to.

While specific embodiments of the imnvention have been
shown and described 1n detail to illustrate the application of
the principles of the invention, 1t will be understood that the
ivention may be embodied otherwise without departing
from such principles.

The invention claimed 1s:

1. A medical apparatus comprising at least one LED
illumination module comprising:

at least one light emitting diode (LED) having a proximal
side comprising a first electrical connection contact and
the at least one light emitting diode comprising a
second electrical connection contact and a radiation
region emitting radiation at a distal side of the LED, the
distal side being axially opposite the proximal side;

an electrical conductor, at least the electrical conductor
and the first electrical connection contact defining a
first electrically conductive path; and

an electrically conductive sleeve extending to the second
clectrical connection contact at the distal side from a
location beyond the proximal side, wherein the sleeve
extends beyond the proximal side and at least a portion
of the sleeve surrounds the LED, the electrically con-
ductive sleeve being 1n direct contact with the second
clectrical connection contact on the distal side of the

LED, at least the second electrical connection contact
and the sleeve defining a second electrically conductive
path, wherein the electrically conductive sleeve elec-
trically contacts the at least one LED.

2. A medical apparatus according to claim 1, further
comprising a medical apparatus structure, wherein the medi-
cal apparatus structure 1s an endoscope.

3. A medical apparatus according to claim 2, wherein the
sleeve of the LED illumination module has a distal face side
that bears on at least one abutment surface 1n an inside of a
head of the endoscope.

4. A medical apparatus according to claim 1, wherein the
sleeve surrounds the electrical conductor leading to the first
electrical connection contact, and surrounds a sheath insu-
lating the electrical conductor.

5. A medical apparatus according to claim 1, wherein the
sleeve surrounds the electrical conductor and surrounds a
sheath 1nsulating the electrical conductor, 1n a fully periph-
eral or partially peripheral manner.

6. A medical apparatus according to claim 1, further
comprising;

a power source, wherein the sleeve, 1n the region of its
distal end, 1s electrically conductively connected to the
second electrical connection contact of the LED and the
sleeve 1s electrically conductively connected to the
power source, wherein the second electrically conduc-
tive path extends from the power source to the distal
side of the LED, at least a portion of the first electrically
conductive path being located radially inward of the
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second electrically conductive path with respect to a
longitudinal axis of the electrical conductor.

7. A medical apparatus according to claim 1, further
comprising:

a power source, wherein the sleeve comprises a radially
inwardly directed tab and an axial extent which are
clectrically conductively connected to the second elec-
trical connection contact of the LED and the power
source, the axial extent being integrally connected to
the radially mnwardly directed tab, at least a portion of
the axial extent being located radially opposite the LED
with respect to a longitudinal axis of the sleeve, the first
clectrically conductive path being connected to the
power source, the first electrically conductive path
being located at a spaced location from the second
clectrically conductive path.

8. A medical apparatus according to claim 1, wherein the
first electrical connection contact of the LED 1s connected 1n
a direct manner to the electrical conductor for electrical
connection of the LED.

9. A medical apparatus according to claim 8, wherein the
sleeve at a proximal end of the sleeve or 1 a peripheral
region of the sleeve 1s connected to the electrical conductor
for electrical connection of the LED.

10. A medical apparatus according to claim 8, wherein the
electrical conductor comprises a counter-contact surface, the
first electrical connection contact being electrically conduc-
tively connected to the counter-contact surface of the elec-
tric conductor for electrical connection of the LED, wherein
the counter-contact surface has an equal or larger surface
than the first connection contact.

11. A medical apparatus according to claim 10, wherein
the first electrical connection contact has a rectangular or
square contact surface and the counter-contact surface has a
round shape, wherein a diameter of the counter-contact
surface preferably corresponds at least to a length of a
diagonal of the rectangular or square contact surface.

12. A medical apparatus according to claim 1, wherein the
sleeve has a greater length 1n an axial direction than the
LED, at least a portion of the sleeve extending to a position
located axially beyond the LED with respect to a longitu-
dinal axis of the sleeve.

13. A medical apparatus according to claim 1, further
comprising a coaxial cable for an electrical connection of the
LED, the coaxial cable having an inner conductor that forms
the electrical conductor, connected to the first electrical
connection contact of the LED, and an outer conductor that
1s electrically conductively connected to the sleeve.

14. A medical apparatus according to claim 1, wherein an
iner space of the sleeve, which surrounds the LED 1s filled
with a filling material which 1s transparent to a radiation
emitted by the LED.

15. A medical apparatus according to claim 1, wherein a
distal end of the sleeve 1s distanced to the distal side of the
LED 1n the proximal direction.

16. A medical apparatus according to claim 1, wherein the
sleeve extends axially beyond the distal side of the LED, and
a window 1s arranged at the distal end of the sleeve 1 the
inside of the sleeve.

17. A medical apparatus according to claim 1, further
comprising an outer sleeve wherein the sleeve 1s surrounded
by the outer sleeve and the outer sleeve extends axially
beyond a distal end of the sleeve, and a window 1s arranged
inside of the sleeve at the distal end.

18. A medical apparatus according to claim 1, wherein the
LED illumination module 1s designed for application 1n a
medical apparatus structure comprising an endoscope.
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19. A medical apparatus comprising:
a light emitting diode 1llumination module comprising an

energy source, a light emitting diode, an electrical
conductor and an electrically conductive sleeve, the
light emitting diode having a proximal side and a distal
side, the proximal side being axially opposite the distal
side with respect to a longitudinal axis of the light
emitting diode illumination module, the proximal side
comprising a first electrical connection contact and the
distal side comprising a second electrical connection
contact and a radiation region emitting radiation, the
clectrically conductive sleeve extending to the second
clectrical connection contact at the distal side from a
location beyond the proximal side, wherein at least a
portion of the sleeve surrounds the light-emitting diode,
the sleeve comprising a radial extent and an axial extent
connected to the radial extent, the radial extent extend-
ing in a radial direction with respect to a longitudinal
axis of the sleeve, at least a portion of the radial extent
being arranged mn a light emitting arca of the light
emitting diode, the axial extent extending continuously
at least from at least the distal side to a position located
beyond the proximal side, wherein at least a portion of
the axial extent 1s located at a radially spaced location
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from the light emitting diode with respect to the lon-
gitudinal axis, wherein energy 1s delivered from the
energy source to the light emitting diode via a first
clectrical tlow path and a second electrical flow path,
the energy source, the electrically conductive sleeve
and the second electrical connection contact defining at
least a portion of the first electrical flow path, wherein
the electrically conductive sleeve 1s electrically con-
nected to the energy source and the light emitting
diode, the energy source, the electrical conductor and
the first electrical connection contact defining at least a
portion of the second electrical flow path.

20. A medical apparatus according to claim 19, wherein
the electrically conductive sleeve electrically contacts the
light emitting diode, the portion of the axial extent being
located radially opposite the light emitting diode with
respect to the longitudinal axis, wherein the electrically
conductive sleeve extends about at least a portion of the
clectrical conductor, the second electrical flow path being
located at a spaced location from the first electrical tlow
path, the radiation region being located on the distal side of
the light-emitting diode.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

